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400
G )

The teedback pin receives the feedback voltage from

10?2

the secondary side of the power converter

The current detection pin generates the detection voltage 404
according to the current tlowing through the primary side of
the power converter and the resistor

| | 406
The control unit detects the [requency corresponding to the gate
control signal generated by the gate signal generation unit
408
[t the
o [requency corresponding to N
© the gate control signal 1s greater than the v
predetermined frequency
T'he control unit The control umit
controls the first Ee (lirOItlhm uil 9
omparator to generate ~oll rf) > _ - secon‘
the burst mode signal COMPArator 1o gCnCrare
according to the first the bm‘St mode signal
roforanc ebv oltace and according to the second
>lerence voltage and
the feedback voltage 1 =
= the [eedback voltage 416

The turning-on time | 412 The turning-on time
generation unit

determines the turning-on
time of the power

gcncration unit determings
the turning-on time of the
power converter 1n the
burst mode according to the
second reference voltage
and the detection voltage

converter 1n the burst

mode according to the
first reference voltage and
the detection voltage 418

The gate signal generation unit generates the gate
control signal corresponding to the burst mode

sienal to the power switch of the primary side of the
powcr converter according to the burst modc signal

F1G. 4
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600

The control unit detects the requency corresponding to | 0U2
the eate control signal according to the gate control

signal generated by the gate signal generation unit in the
burst mode of the power converter

604

{ the frequency
corresponding to the gate contro
signal 1S greater than the predetermined
frequency

Yes No

The control unit The control unit
increases the 0U6 decreases the
resistance of the resistance of the
compensation compensation
resistor coupled to resistor coupled to
the feedback pin of the feedback pin of
the power converter the power converter

608

The gate signal generation unit 610
oenerates the gate control signal to the

power switch of the primary side of the
power converter according to the
resistance of the compensation resistor

FIG. 6
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CONTROLLER FOR ELIMINATING
ACOUSTIC NOISE OF A POWER

CONVERTER AND RELATED METHOD
THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a controller for eliminat-
ing acoustic noise of a power converter and a related method
thereot, and particularly to a controller and a related method
thereod that can increase a frequency corresponding to a gate
control signal when the frequency corresponding to the gate
control signal 1s greater than a predetermined frequency, and
decrease the frequency corresponding to the gate control
signal when the frequency corresponding to the gate control
signal 1s less than the predetermined frequency to eliminate
acoustic noise ol a power converter.

2. Description of the Prior Art

When a secondary side of a power converter 1s coupled to
a light load, a controller applied to the power converter can
generate agate control signal corresponding to a burst mode
of the power converter to a power switch of a primary side
of the power converter, wherein the power switch 1s turned
according to the gate control signal generated by the con-
troller. Therefore, when the secondary side of the power
converter 1s coupled to the light load, power consumption of
the power converter can be decreased because the power
converter enters the burst mode.

When a frequency corresponding to the gate control
signal generated by the controller falls within a human
auditory frequency range, the power converter will generate
annoying acoustic noise. However, the prior art for elimi-
nating acoustic noise of the power converter has poorer
power saving, more complicated circuits, larger area, larger
ripples 1n an output voltage of the power converter, and so
on. Therefore, the prior art 1s not a good choice for a
designer of the controller.

SUMMARY OF THE INVENTION

A first embodiment of the present invention provides a
controller for eliminating acoustic noise of a power con-
verter. The controller includes a feedback pin, a current
detection pin, a burst mode signal generation module, a gate
signal generation unit, and a turning-on time generation unit.
The feedback pin 1s used for recerving a feedback voltage
from a secondary side of the power converter, wherein the
teedback voltage corresponds to an output voltage of the
secondary side of the power converter. The current detection
pin 1s used for generating a detection voltage according to a
current flowing through a primary side of the power con-
verter and a resistor. The burst mode signal generation
module 1s coupled to the feedback pin for generating a burst
mode signal according to a first reference voltage and the
teedback voltage, or according to a second reference voltage
and the feedback voltage. The gate signal generation unit 1s
coupled to the burst mode signal generation module for
generating a gate control signal corresponding to a burst
mode of the power converter to a power switch of the
primary side of the power converter according to the burst
mode signal, wherein the power switch 1s turned on accord-
ing to the gate control signal. The turning-on time generation
unit 1s coupled to the burst mode signal generation module,
the current detection pin, and the gate signal generation unit
for determining a turning-on time of the power converter 1n
the burst mode of the power converter according to the first
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reference voltage and the detection voltage, or according to
the second reference voltage and the detection voltage.

A second embodiment of the present invention provides a
controller for eliminating acoustic noise of a power con-
verter. The controller includes a control unit and a gate
signal generation unit. The control umit 1s used for detecting
a Irequency corresponding to a gate control signal in a burst
mode of the power converter, wherein when the frequency
1s greater than a predetermined frequency, the control unit
increases a resistance of a compensation resistor coupled to
a feedback pin of the power converter, and when the
frequency 1s less than the predetermined frequency, the
control unit decreases the resistance of the compensation
resistor. The gate signal generation unit 1s coupled to the
control unit for generating the gate control signal to a power
switch of a primary side of the power converter according to
the resistance of the compensation resistor, wheremn the
power switch 1s turned on according to the gate control
signal.

A third embodiment of the present invention provides a
method for eliminating acoustic noise of a power converter,
wherein a controller applied to the method includes a
teedback pin, a current detection pin, a burst mode signal
generation module, a turning-on time generation unit, and a
gate signal generation unit, wherein the burst mode signal
generation module includes a first comparator, a second
comparator, and a control unit. The method includes the
teedback pin receiving a feedback voltage from a secondary
side of the power converter, wherein the feedback voltage
corresponds to an output voltage of the secondary side of the
power converter; the current detection pin generating a
detection voltage according to a current flowing through a
primary side of the power converter and a resistor; the burst
mode signal generation module generating a burst mode
signal according to a first reference voltage and the feedback
voltage, or according to a second reference voltage and the
teedback voltage; the turning-on time generation unit deter-
mining a turning-on time of the power converter 1n a burst
mode of the power converter according to the first reference
voltage and the detection voltage, or according to the second
reference voltage and the detection voltage; and the gate
signal generation unit generating a gate control signal cor-
responding to the burst mode of the power converter to a
power switch of the primary side of the power converter
according to the burst mode signal, wherein the power
switch 1s turned on according to the gate control signal.

A fourth embodiment of the present invention provides a
method for eliminating acoustic noise of a power converter,
wherein a controller applied to the method includes a control
unit and a gate signal generation unit. The method includes
the control umt detecting a frequency corresponding to a
gate control signal generated by the gate signal generation
unit in a burst mode of the power converter; the control unit
increasing a resistance of a compensation resistor coupled to
a feedback pin of the power converter when the frequency
1s greater than a predetermined frequency; and the gate
signal generation unit generating the gate control signal to a
power switch of a primary side of the power converter
according to the resistance of the compensation resistor,
wherein the power switch 1s turned on according to the gate
control signal.

The present invention provides a controller for eliminat-
ing acoustic noise ol a power converter and a related method
thereof. The controller and the method utilize a control unit
to detect a frequency corresponding to a gate control signal
generated by a gate signal generation unit, wherein when the
frequency corresponding to the gate control signal 1s greater
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than a predetermined frequency, the controller and the
method utilize a burst mode signal generation module, a
turning-on time generation unit, the gate signal generation
unit, a first reference voltage, a feedback voltage corre-
sponding to an output voltage of a secondary side of the
power converter, and a detection voltage corresponding to a
current tlowing through a primary side of the power con-
verter to increase the frequency corresponding to the gate
control signal; when the frequency corresponding to the gate
control signal 1s less than the predetermined frequency, the
controller and the method utilize the burst mode signal
generation module, the turning-on time generation unit, the
gate signal generation umit, a second reference voltage, the
teedback voltage, and the detection voltage to decrease the
frequency corresponding to the gate control signal. In addi-
tion, the controller and the method can also utilize the
control unit to detect the frequency corresponding to the gate
control signal generated by the gate signal generation unit,
wherein when the frequency corresponding to the gate
control signal 1s greater than the predetermined frequency,
the controller and the method utilize the control unit to
increase a resistance of a compensation resistor coupled to
a feedback pin of the power converter, resulting in the
frequency corresponding to the gate control signal being
increased; and when the frequency corresponding to the gate
control signal 1s less than the predetermined frequency, the
controller and the method utilize the control unit to decrease
the resistance of the compensation resistor coupled to the
teedback pin of the power converter, resulting 1n the fre-
quency corresponding to the gate control signal being
decreased. Therefore, the present invention can ensure that
the frequency corresponding to the gate control signal can
fall outside a human auditory frequency range to eliminate
acoustic noise of the power converter.

These and other objectives of the present invention will
no doubt become obvious to those of ordinary skill in the art
alter reading the following detailed description of the pre-
terred embodiment that is 1llustrated 1n the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a diagram 1illustrating a controller for eliminating
acoustic noise ol a power converter according to a {first
embodiment.

FIG. 2 1s a diagram illustrating the turning-on time
generation unit determining the turming-on time of the power
converter according to the first reference voltage and the
detection voltage, or according to the second reference
voltage and the detection voltage.

FIG. 3 1s a diagram 1llustrating a period of the burst mode
corresponding to the gate control signal.

FIG. 4 1s a flowchart 1llustrating a method for eliminating,
acoustic noise of a power converter according to a second
embodiment.

FI1G. 5 1s a diagram 1illustrating a controller for eliminating
acoustic noise of the power converter according to a third
embodiment.

FIG. 6 1s a flowchart illustrating a method for eliminating
acoustic noise of a power converter according to a fourth
embodiment.

DETAILED DESCRIPTION

Please refer to FIG. 1. FIG. 1 1s a diagram 1illustrating a
controller 200 for eliminating acoustic noise of a power
converter 100 according to a first embodiment. As shown 1n
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FIG. 1, the controller 200 includes a feedback pin 202, a
current detection pin 204, a burst mode signal generation
module 206, a turning-on time generation unit 208, and a
gate signal generation unit 210, wherein the burst mode
signal generation module 206 includes a first comparator
2062, a second comparator 2064, and a control unit 2066.
The feedback pin 202 1s used for receiving a feedback
voltage VFB from a secondary side SEC of the power
converter 100, wherein the feedback voltage VFB corre-
sponds to an output voltage VOUT of the secondary side
SEC of the power converter 100. The current detection pin
204 1s used for generating a detection voltage VD according
to a current I1 flowing through a primary side PRI of the
power converter 100 and a resistor R. The burst mode signal
generation module 206 1s coupled to the feedback pin 202
for generating a burst mode signal BMS according to a first
reference voltage FRV and the feedback voltage VFB, or
generating the burst mode signal BMS according to a second
reference voltage SRV and the feedback voltage VFEB,
wherein the second reference voltage SRV 1s greater than the
first reference voltage FRV. The gate signal generation unit
210 1s coupled to the burst mode signal generation module
206 and the turning-on time generation unit 208 for gener-
ating a gate control signal GCS corresponding to a burst
mode of the power converter 100 to a power switch 212 of
the primary side PRI of the power converter 100 according
to the burst mode signal BMS, wherein the gate control
signal GCS 1s transmitted to the power switch 212 through
a gate pin 214, and the power switch 212 1s turned on
according to the gate control signal GCS. The turming-on
time generation unit 208 1s coupled to the burst mode signal
generation module 206, the current detection pin 204, and
the gate signal generation unit 210 for determining a turn-
ing-on time of the power converter 100 1n the burst mode of
the power converter 100 according to the first reference
voltage FRV and the detection voltage VD, or according to
the second reference voltage SRV and the detection voltage
VD. Please refer to FIG. 2. FIG. 2 1s a diagram 1llustrating,
the turming-on time generation unit 208 determining the
turning-on time of the power converter 100 according to the
first reference voltage FRV and the detection voltage VD, or
according to the second reference voltage SRV and the
detection voltage VD. As shown in FIG. 2, the turning-on
time generation unit 208 can determine the turning-on time
TON (FRV) of the power converter 100 in the burst mode
according to the first reference voltage FRV and the detec-
tion voltage VD, and the turming-on time generation unit 208
can determine the turning-on time TON (SRV) of the power
converter 100 1n the burst mode according to the second
reference voltage SRV and the detection voltage VD,
wherein the turning-on time TON (FRV) 1s less than the
turning-on time TON (SRV). Please refer to FIG. 3. FIG. 3
1s a diagram 1illustrating a period TB of the burst mode
corresponding to the gate control signal GCS. As shown 1n
FIG. 3, the turning-on time generation unit 208 determines
the turning-on time TON (FRV) and a turning-ofl time TOFF
(FRV) corresponding to the turning-on time TON (FRV)
according to the first reference voltage FRV and the detec-
tion voltage VD, wherein the period TB of the burst mode
corresponding to the gate control signal GCS 1s equal to a
sum of the turning-on time TON (FRV) and the turning-ofl
time TOFF (FRV). Sitmilarly, the turning-on time generation
unit 208 can also determine the turning-on time TON (SRV)
and the turning-ofl time TOFF (SRV) corresponding to the
turning-on time TON (SRV) according to the second refer-
ence voltage SRV and the detection voltage VD. Meanwhile,
the period TB of the burst mode corresponding to the gate
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control signal GCS 1s equal to a sum of the turning-on time
TON (SRV) and the turning-ofl time TOFF (SRV).

As shown 1n FIG. 1, the control unit 2066 1s coupled to the
gate signal generation unit 210 for detecting a frequency FB
corresponding to the gate control signal GCS, wherein the
control unit 2066 can detect the frequency FB corresponding
to the gate control signal GCS according to rising edges or
falling edges of the gate control signal GCS. When the
frequency FB 1s greater than a predetermined frequency (e.g.
a lower limit 1 KHz of a human auditory frequency range),
the control unit 2066 can further control the first comparator
2062 to generate the burst mode signal BMS according to
the first reference voltage FRV and the feedback voltage
VFB, and the turning-on time generation unit 208 can
determine the turning-on time TON (FRV) according to the
first reference voltage FRV and the detection voltage VD. As
shown 1n FIG. 2, because the second reference voltage SRV
1s greater than the first reference voltage FRYV, the turning-on
time TON (FRV) of the power converter 100 1n the burst
mode 1s less than the turning-on time TON (SRV) of the
power converter 100 1n the burst mode. In addition, accord-
ing to equation (1) and a condition of constant power,
because the turning-on time TON (FRV) is shorter, the
current I1 flowing through the primary side PRI of the power
converter 100 1s also smaller, resulting 1n a number of the
gate control signal GCS generated by the gate signal gen-
eration unit 210 during the turning-on time TON (FRV)
being increased to let input power of the power converter
100 be equal to output power of the power converter 100.
Meanwhile, the frequency FB corresponding to the gate
control signal GCS will be greater than an upper limit 22
KHz of the human auditory frequency range. In addition, 1n
another embodiment of the present invention, when the
frequency FB 1s greater than the predetermined frequency,
the control unit 2066 can further control the first comparator
2062 to generate a control signal to the gate signal genera-
tion unit 210 according to the first reference voltage FRV
and the feedback voltage VFB. Meanwhile, the gate signal
generation unit 210 can leave the burst mode to generate
agate control signal corresponding to a pulse width modu-
lation mode of the power converter 100 according to the
control signal, and a frequency of the gate control signal
corresponding to the pulse width modulation mode 1s greater
than the upper limit 22 KHz of the human auditory fre-
quency range.

P=1/2xLxI >xTON(FRV)xFB (1)

As shown 1 equation (1), L 1s an inductance of an
inductor 216 of the primary side PRI of the power converter
100.

In addition, when the frequency FB 1s less than the
predetermined frequency, the control unit 2066 can control
the second comparator 2064 to generate the burst mode
signal BMS according to the second reference voltage SRV
and the feedback voltage VFB, and the turning-on time
generation umt 208 can determine the turning-on time TON
(SRV) according to the second reference voltage SRV and
the detection voltage VD. As shown 1n FIG. 2, because the
second reference voltage SRV 1s greater than the first
reference voltage FRV, the turning-on time TON (SRV) of
the power converter 100 1n the burst mode 1s greater than the
turning-on time TON (FRV) of the power converter 100 in
the burst mode. In addition, according to equation (1) and
the condition of the constant power, because the turning-on
time TON (SRV) 1s longer, the current 11 flowing through
the primary side PRI of the power converter 100 1s also
greater, resulting 1n a number of the gate control signal GCS
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generated by the gate signal generation unit 210 during the
turning-on time TON (SRV) being decreased to let input
power of the power converter 100 be equal to output power
of the power converter 100. Meanwhile, the frequency FB
corresponding to the gate control signal GCS will be less
than the lower limit 1 KHz of the human auditory frequency
range. In addition, because the number of the gate control
signal GCS generated by the gate signal generation unit 210
during the turning-on time TON (SRV) 1s decreased, light-
load efliciency of the power converter 100 1s better.

Please refer to FIG. 1, FIG. 2, and FIG. 4. FIG. 4 1s a
flowchart illustrating a method for eliminating acoustic
noise of a power converter according to a second embodi-
ment. The method 1n FIG. 4 1s illustrated using the controller
100 1n FIG. 1. Detailed steps are as follows:

Step 400: Start.

Step 402: The feedback pin 202 receives the feedback
voltage VFB from the secondary side SEC of the power
converter 100.

Step 404: The current detection pin 204 generates the
detection voltage VD according to the current 11 tflowing
through the primary side PRI of the power converter 100 and
the resistor R.

Step 406: The control unit 2066 detects the frequency FB
corresponding to the gate control signal GCS generated by
the gate signal generation unit 210.

Step 408: If the frequency FB corresponding to the gate
control signal GCS 1s greater than the predetermined fre-
quency; if yes, go to Step 410 and Step 412; 11 no, go to Step
414 and Step 416.

Step 410: The control unit 2066 controls the first com-
parator 2062 to generate the burst mode signal BMS accord-
ing to the first reference voltage FRV and the feedback
voltage VFB, go to Step 418.

Step 412: The turning-on time generation unit 208 deter-
mines the turning-on time TON (FRV) of the power con-
verter 100 1n the burst mode according to the first reference
voltage FRV and the detection voltage VD, go to Step 408.

Step 414: The control unit 2066 controls the second
comparator 2064 to generate the burst mode signal BMS
according to the second reference voltage SRV and the
teedback voltage VFB, go to Step 418.

Step 416: The turning-on time generation unit 208 deter-
mines the turning-on time TON (SRV) of the power con-
verter 100 1n the burst mode according to the second
reference voltage SRV and the detection voltage VD, go to
Step 408.

Step 418: The gate signal generation unit 210 generates
the gate control signal GCS corresponding to the burst mode
signal BMS to the power switch 212 of the primary side PRI
of the power converter 100 according to the burst mode
signal BMS, go to Step 408.

In Step 402, as shown 1n FIG. 1, the feedback voltage
VFEB corresponds to the output voltage VOUT of the sec-
ondary side SEC of the power converter 100. In Step 406,
the control unit 2066 can detect the frequency FB corre-
sponding to the gate control signal GCS according to rising
edges or falling edges of the gate control signal GCS. In Step
410 and Step 412, as shown 1n FIG. 1, when the frequency
FB 1s greater than the predetermined frequency (e.g. the
lower limit 1 KHz of the human auditory frequency range),
the control unit 2066 can control the first comparator 2062
to generate the burst mode signal BMS according to the first
reference voltage FRV and the feedback voltage VFB, and
the turning-on time generation unit 208 can determine the
turning-on time TON (FRV) according to the first reference
voltage FRV and the detection voltage VD. In Step 414 and
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Step 416, as shown 1n FIG. 1, when the frequency FB 1s less
than the predetermined frequency, the control unit 2066 can
control the second comparator 2064 to generate the burst
mode signal BMS according to the second reference voltage
SRV and the feedback voltage VFB, and the turning-on time
generation unit 208 can determine the turning-on time TON
(SRV) according to the second reference voltage SRV and
the detection voltage VD.

In Step 410 and Step 412, as shown 1n FIG. 2, because the
second reference voltage SRV 1s greater than the first
reference voltage FRV, the turning-on time TON (FRV) of
the power converter 100 1n the burst mode 1s less than the
turning-on time TON (SRV) of the power converter 100 1n
the burst mode. In addition, according to equation (1) and
the condition of the constant power, because the turning-on
ime TON (FRV) 1s shorter, the current I1 flowing through
the primary side PRI of the power converter 100 1s also
smaller, resulting in the number of the gate control signal
GCS generated by the gate signal generation unit 210 during
the turning-on time TON (FRV) being increased to let input
power ol the power converter 100 be equal to output power
of the power converter 100, and the frequency FB corre-
sponding to the gate control signal GCS will be greater than
the upper limit 22 KHz of the human auditory frequency
range. In addition, 1n another embodiment of the present
invention, when the frequency FB 1s greater than the pre-
determined frequency, the control unit 2066 can further
control the first comparator 2062 to generate the control
signal to the gate signal generation unit 210 according to the
first reference voltage FRV and the feedback voltage VFB.
Meanwhile, the gate signal generation unit 210 can leave the
burst mode to generate the gate control signal corresponding
to the pulse width modulation mode of the power converter
100 according to the control signal, and the frequency of the
gate control signal corresponding to the pulse width modu-
lation mode 1s greater than the upper limit 22 KHz of the
human auditory frequency range. In addition, 1n Step 414
and Step 416, as shown 1n FIG. 2, according to equation (1)
and the condition of the constant power, because the turning-
on time TON (SRV) 1s longer, the current I1 flowing through
the primary side PRI of the power converter 100 1s also
greater, resulting in the number of the gate control signal
GCS generated by the gate signal generation unit 210 during
the turning-on time TON (SRV) being decreased to let the
input power of the power converter 100 be equal to the
output power of the power converter 100, and the frequency
FB corresponding to the gate control signal GCS will be less
than the lower limit 1 KHz of the human auditory frequency
range. In addition, because the number of the gate control
signal GCS generated by the gate signal generation unit 210
during the turning-on time TON (SRV) 1s decreased, the
light-load efliciency of the power converter 100 1s better.
In Step 418, as shown 1n FIG. 1, the gate signal generation
unit 210 can generate the gate control signal GCS corre-
sponding to the burst mode of the power converter 100 to the
power switch 212 according to the burst mode signal BMS,
wherein the gate control signal GCS 1s transmitted to the
power switch 212 through the gate pin 214, and the power
switch 212 1s turned on according to the gate control signal
GCS.

Please refer to FIG. 5. FIG. 5 1s a diagram 1illustrating a
controller 500 for eliminating acoustic noise of the power
converter 100 according to a third embodiment. As shown 1n
FIG. 5, a diflerence between the controller 500 and the
controller 200 1s that the controller 500 includes a control
unit 302 and a gate signal generation umt 504. As shown in
FIG. §, the control unit 502 i1s used for detecting the
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frequency FB corresponding to the gate control signal GCS
in the burst mode of the power converter 100; and the gate
signal generation unit 304 1s coupled to the control unit 502
for generating the gate control signal GCS to the power
switch 212 of the primary side PRI of the power converter
100 according to a resistance of a compensation resistor
RCOMP coupled to the feedback pin 202 of the power
converter 100, wherein the power switch 212 can be turned
on according to the gate control signal GCS.

Because a direct current (DC) gain DG of the power
converter 100 1s determined according to equation (2), when
the DC gain DG of the power converter 100 1s increased, the
frequency FB corresponding to the gate control signal GCS
1s 1ncreased accordingly, and when the DC gain DG of the
power converter 100 1s decreased, the frequency FB corre-
sponding to the gate control signal GCS 1s decreased accord-

ingly.

RCOMP
RSEC

(2)
DG = CTR X

As shown 1n equation (2), CTR 1s a proportional constant,
and RSEC 1s a resistor coupled to a photo coupler 218 of the
secondary side SEC of the power converter 100.

Therefore, when the frequency FB 1s greater than the
predetermined frequency (e.g. the lower limit 1 KHz of the
human auditory frequency range), the control unit 502 can
increase the resistance of the compensation resistor RCOMP
to increase the DC gain DG of the power converter 100,

resulting in the frequency FB corresponding to the gate
control signal GCS being greater than the upper limit 22
KHz of the human auditory frequency range. When the
frequency FB 1s less than the predetermined frequency, the
control unit 502 can decrease the resistance of the compen-
sation resistor RCOMP to decrease the DC gain DG of the
power converter 100, resulting in the frequency FB corre-
sponding to the gate control signal GCS being further less
than the lower limit 1 KHz of the human auditory frequency
range, and because the number of the gate control signal
GCS generated by the gate signal generation unit 210 1s
decreased, light-load efliciency of the power converter 100
1s better.

Please refer to FIG. 5 and FIG. 6. FIG. 6 1s a flowchart
illustrating a method for eliminating acoustic noise of a
power converter according to a fourth embodiment. The
method 1 FIG. 6 1s illustrated using the controller 500 1n
FIG. 5. Detailed steps are as follows:

Step 600: Start.

Step 602: The control unit 502 detects the frequency FB
corresponding to the gate control signal GCS according to
the gate control signal GCS generated by the gate signal
generation unit 504 1n the burst mode of the power converter
100.

Step 604: If the frequency FB corresponding to the gate
control signal GCS 1s greater than the predetermined fre-
quency; 1f yes, go to Step 606; 11 no, go to Step 608.

Step 606: The control unit 502 increases the resistance of
the compensation resistor RCOMP coupled to the feedback
pin 202 of the power converter 100, go to Step 610.

Step 608: The control unit 502 decreases the resistance of
the compensation resistor RCOMP coupled to the feedback
pin 202 of the power converter 100, go to Step 610.

Step 610: The gate signal generation unit 504 generates
the gate control signal GCS to the power switch 212 of the
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primary side PRI of the power converter 100 according to
the resistance of the compensation resistor RCOMP, go to
Step 604.

Diflerences between the embodiment 1n FIG. 6 and the
embodiment 1n FIG. 4 are that 1in Step 606, the control unit
502 increases the resistance of the compensation resistor
RCOMP; 1n Step 608, the control unit 5302 decreases the
resistance of the compensation resistor RCOMP; and in Step
610, the gate signal generation unit 504 generates the gate
control signal GCS according to the resistance of the com-
pensation resistor RCOMP. That 1s to say, when the 1fre-
quency FB 1s greater than the predetermined frequency (e.g.
the lower limit 1 KHz of the human auditory frequency
range), the control unit 502 can increase the resistance of the
compensation resistor RCOMP to increase the DC gain DG
ol the power converter 100, resulting in the frequency FB
corresponding to the gate control signal GCS being greater
than the upper limit 22 KHz of the human auditory 1fre-
quency range. When the frequency FB 1s less than the
predetermined frequency, the control unit 502 can decrease
the resistance of the compensation resistor RCOMP to
decrease the DC gain DG of the power converter 100,
resulting 1n the frequency FB corresponding to the gate
control signal GCS being further less than the lower limit 1
KHz of the human auditory frequency range, and because
the number of the gate control signal GCS generated by the
gate signal generation unit 210 1s decreased, the light-load
elliciency of the power converter 100 1s better.

To sum up, the controller for eliminating acoustic noise of
a power converter and the related method thereof utilize the
control unit to detect the frequency corresponding to the gate
control signal generated by the gate signal generation unit,
wherein when the frequency corresponding to the gate
control signal 1s greater than the predetermined frequency,
the controller and the method utilize the burst mode signal
generation module, the turning-on time generation unit, the
gate signal generation umt, the first reference voltage, the
teedback voltage corresponding to the output voltage of the
secondary side of the power converter, and the detection
voltage corresponding to the current flowing through the
primary side of the power converter to increase the fre-
quency corresponding to the gate control signal; when the
frequency corresponding to the gate control signal 1s less
than the predetermined frequency, the controller and the
method utilize the burst mode signal generation module, the
turning-on time generation unit, the gate signal generation
unit, the second reference voltage, the feedback voltage, and
the detection voltage to decrease the frequency correspond-
ing to the gate control signal. In addition, the controller and
the method can also utilize the control unit to detect the
frequency corresponding to the gate control signal generated
by the gate signal generation unit, wherein when the fre-
quency corresponding to the gate control signal 1s greater
than the predetermined frequency, the controller and the
method utilize the control unit to increase the resistance of
the compensation resistor coupled to the feedback pin of the
power converter, resulting in the frequency corresponding to
the gate control signal being increased; and when the
frequency corresponding to the gate control signal 1s less
than the predetermined frequency, the controller and the
method utilize the control unit to decrease the resistance of
the compensation resistor coupled to the feedback pin of the
power converter, resulting in the frequency corresponding to
the gate control signal being decreased. Therefore, the
present invention can ensure that the frequency correspond-
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ing to the gate control signal can fall outside the human
auditory frequency range to eliminate acoustic noise of the
power converter.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What 1s claimed 1s:

1. A controller for eliminating acoustic noise of a power
converter, the controller comprising:

a feedback pin for receiving a feedback voltage from a
secondary side of the power converter, wherein the
feedback voltage corresponds to an output voltage of
the secondary side of the power converter;

a current detection pin for generating a detection voltage
according to a current flowing through a primary side
of the power converter and a resistor;

a burst mode signal generation module coupled to the
teedback pin for generating a burst mode signal accord-
ing to a first reference voltage and the feedback voltage,
or according to a second reference voltage and the
teedback voltage, wherein the burst mode signal gen-
eration module comprises:

a first comparator for generating the burst mode signal
according to the first reference voltage and the
teedback voltage;

a second comparator for generating the burst mode
signal according to the second reference voltage and
the feedback voltage; and

a control unit coupled to the gate signal generation unit
for detecting a frequency corresponding to the gate
control signal, wherein when the frequency 1s greater
than a predetermined frequency, the control unit
controls the first comparator to generate the burst
mode signal according to the first reference voltage
and the feedback voltage, when the frequency is less
than the predetermined frequency, the control unit
controls the second comparator to generate the burst
mode signal according to the second reference volt-
age and the feedback voltage, and the second refer-
ence voltage 1s greater than the first reference volt-
age;

a gate signal generation unit coupled to the burst mode
signal generation module for generating a gate control
signal corresponding to a burst mode of the power
converter to a power switch of the primary side of the
power converter according to the burst mode signal,
wherein the power switch 1s turned on according to the
gate control signal; and

a turning-on time generation unit coupled to the burst
mode signal generation module, the current detection
pin, and the gate signal generation unit for determining
a turning-on time of the power converter in the burst
mode of the power converter according to the first
reference voltage and the detection voltage, or accord-
ing to the second reference voltage and the detection
voltage.

2. The controller of claim 1, further comprising:

a gate pin, wherein the gate control signal 1s transmitted
to the power switch through the gate pin.

3. A controller for eliminating acoustic noise of a power

converter, the controller comprising:

a control unit for detecting a frequency corresponding to
a gate control signal 1 a burst mode of the power
converter, wherein when the frequency i1s greater than
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a predetermined frequency, the control unit increases a
resistance of a compensation resistor coupled to a
feedback pin of the power converter, and when the
frequency 1s less than the predetermined frequency, the
control unit decreases the resistance of the compensa-
tion resistor; and

a gate signal generation unit coupled to the control umit for

generating the gate control signal to a power switch of
a primary side of the power converter according to the
resistance ol the compensation resistor, wherein the
power switch 1s turned on according to the gate control
signal.

4. The controller of claim 3, further comprising:

a gate pin, wherein the gate control signal 1s transmitted

to the power switch through the gate pin.

5. A method for eliminating acoustic noise of a power
converter, wherein a controller applied to the method com-
prises a feedback pin, a current detection pin, a burst mode
signal generation module, a turning-on time generation unit,
and a gate signal generation unit, wherein the burst mode
signal generation module comprises a first comparator, a
second comparator, and a control unit, the method compris-
ng:

the feedback pin receiving a feedback voltage from a

secondary side of the power converter, wherein the
feedback voltage corresponds to an output voltage of
the secondary side of the power converter;

the current detection pin generating a detection voltage

according to a current flowing through a primary side
of the power converter and a resistor;

the control unit detecting a frequency corresponding to a

gate control signal;

the control unit controlling the first comparator to gener-

ate a burst mode signal according to a first reference
voltage and the feedback voltage when the frequency 1s
greater than a predetermined frequency;

the turning-on time generation unit determining a turning-

on time of the power converter 1n a burst mode of the
power converter according to the first reference voltage
and the detection voltage, or according to the second
reference voltage and the detection voltage; and

the gate signal generation unit generating the gate control

signal corresponding to the burst mode of the power
converter to a power switch of the primary side of the

power converter according to the burst mode signal,
wherein the power switch 1s turned on according to the

gate control signal.
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6. The method of claim 5, further comprising:

the control unit controlling the second comparator to
generate the burst mode signal according to the second
reference voltage and the feedback voltage when the
frequency 1s less than the predetermined frequency,
wherein the second reference voltage 1s greater than the
first reference voltage.

7. The method of claim 5, wherein the turning-on time
generation unit determining the turming-on time of the power
converter in the burst mode of the power converter accord-
ing to the first reference voltage and the detection voltage,
or according to the second reference voltage and the detec-
tion voltage comprises:

the turning-on time generation unit determining the turn-

ing-on time of the power converter 1n the burst mode of
the power converter according to the first reference
voltage and the detection voltage when the frequency 1s
greater than the predetermined frequency.

8. The method of claim 35, wherein the turning-on time
generation unit determining the turning-on time of the power
converter 1n the burst mode of the power converter accord-
ing to the first reference voltage and the detection voltage,
or according to the second reference voltage and the detec-
tion voltage comprises:

the turning-on time generation unit determining the turmn-

ing-on time of the power converter 1n the burst mode of
the power converter according to the second reference
voltage and the detection voltage when the frequency 1s
less than the predetermined frequency.

9. A method for eliminating acoustic noise of a power
converter, wherein a controller applied to the method com-
prises a control unit and a gate signal generation unit, the
method comprising:

the control unit detecting a frequency corresponding to a

gate control signal generated by the gate signal gen-
cration unit 1n a burst mode of the power converter;
the control unit increasing a resistance of a compensation
resistor coupled to a feedback pin of the power con-
verter when the frequency 1s greater than a predeter-

mined frequency; and

the gate signal generation unit generating the gate control
signal to a power switch of a primary side of the power
converter according to the resistance of the compensa-
tion resistor, wherein the power switch 1s turned on
according to the gate control signal.

10. The method of claim 9, further comprising;:

the control unit decreasing the resistance of the compen-
sation resistor when the frequency 1s less than the
predetermined frequency.
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